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ABSTRACT 

Background Reducing geographical inequalities in 
cancer survival in England was a key aim of the 
Caiman— Hine Report (1995) and the NHS Cancer Plan 
(2000). This study assesses whether geographical 
inequalities changed following these policy developments 
by analysing the trend in 1-year relative survival in the 28 
cancer networks of England. 
Methods Population-based age-standardised relative 
survival at 1 year is estimated for 1 .4 million patients 
diagnosed with cancer of the oesophagus, stomach, 
colon, lung, breast (women) or cervix in England during 
1991-2006 and followed up to 2007. Regional and 
deprivation-specific life tables are built to adjust survival 
estimates for differences in background mortality. 
Analysis is divided into three calendar periods: 1991—5, 
1996-2000 and 2001-6. Funnel plots are used to 
assess geographical variation in survival over time. 
Results One-year relative survival improved for all 
cancers except cervical cancer. There was a wide 
geographical variation in survival with generally lower 
estimates in northern England. This north— south divide 
became less marked over time, although the overall 
number of cancer networks that were lower outliers 
compared with the England value remained stable. 
Breast cancer was the only cancer for which there was 
a marked reduction in geographical inequality in survival 
over time. 

Conclusion Policy changes over the past two decades 
coincided with improved relative survival, without an 
increase in geographical variation. The north— south 
divide in relative survival became less pronounced over 
time but geographical inequalities persist. The reduction 
in geographical inequality in breast cancer survival may 
be followed by a similar trend for other cancers, provided 
government recommendations are implemented 
similarly. 
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Reducing regional inequalities in cancer survival in 
England was identified as a public health priority 
in two key policy documents relating to cancer 
services in England: the Caiman— Hine Report of 
1995 and the NHS National Cancer Plan of 2000. 1 2 
Cancer networks were founded in 2001, following 
these policy developments, to improve uniformity 
in the standard of cancer management and to 
ensure equitable distribution of cancer facilities and 

2 

resources. 

In this paper we present estimates of 1-year age- 
standardised relative survival among adult patients 
(aged 15—99 years) diagnosed with a cancer of the 
oesophagus, stomach, colon, lung, breast (women) 



or cervix in the 28 cancer networks (as geographi- 
cally defined in 2009) in England during 1991-2006 
and followed up to 31 December 2007. The 
temporal trend in geographical differences in 
survival is analysed in three calendar periods, 
selected to coincide with the above-mentioned 
developments in cancer policy: 1991—5 (pre- 
Calman-Hine report); 1996—2000 (post-Calm- 
an-Hine report); 2001-6 (post-NHS National 
Cancer Plan). These periods coincide with those 
used in previous published research. 3 

Given their role in cancer management, cancer 
networks are a logical unit for the analysis of 
regional diversity in cancer survival in England. 4 
Also, since the population of each cancer network is 
between 0.6 and 3.0 million, they are more suitable 
units of analysis of survival from individual cancers 
than smaller NHS geographies such as primary care 
organisations. 4 5 

METHODS 
Data 

National cancer registration data for England were 
obtained from the Office for National Statistics 
(ONS). The National Cancer Registry at ONS 
collates cancer registrations submitted by regional 
cancer registries in England. The National Health 
Service Information Centre (NHS-IC) updates 
these records with information about death or 
emigration and returns this to ONS. The data were 
extracted from the database at ONS in October 
2008. Ethical approval to conduct the study was 
obtained from the ONS Medical Research Service 
(MR1101, 20 November 2007) and from the stat- 
utory patient information advisory group (PIAG; 
now the Ethics and Confidentiality Committee of 
the National Information Governance Board) under 
Section 61 of the Health and Social Care Act 2001 
(PIAG l-05(c)/2007, 31 July 2007). 

All adult patients (15—99 years) who were diag- 
nosed during 1991—2006 with an invasive primary 
malignancy of the oesophagus, stomach, colon, 
lung, breast (women) or cervix were eligible for 
inclusion in the study. They were followed up to 
ascertain their vital status to 31 December 2007. 
Patients were excluded if the behaviour of the 
tumour was benign, in situ, or uncertain if benign 
or malignant. Patients were further excluded if their 
cancer was registered from a death certificate only 
(DCO registration) or if they died on the same day 
as diagnosis (zero survival). Zero survival cases 
were excluded because before 1995 it is not possible 
to distinguish between DCO registrations and zero 
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Table 1 Number of patients eligible for analysis and number excluded, for adults (15—99 years) 
diagnosed with one of six cancers in England during 1991—2006 



Malignancy 


ICD-10 code* 


Eligible for analysis 


DCOf 


Exclusions 

Zero 
Survival^ 


Other§ 


Patients included 
Number (%) 


Oesophagus 


C15 


93 279 


4960 


1702 


626 


85 991 (92.2) 


Stomach 


C16 


127 376 


9377 


3334 


948 


113 757 (89.3) 


Colon 


C18 


284 858 


16 732 


6622 


4761 


256 743 (90.1) 


Lung 


C33, C34 


511 491 


45 725 


18 574 


4979 


442 213 (86.5) 


Breast (women) 


C50 


536 526 


15 674 


4650 


18 773 


497 429 (92.7) 


Cervix 


C53 


42 764 


965 


316 


624 


40 859 (95.5) 



"International Classification of Diseases, tenth revision, 
t Registration from a death certificate only (DCO). 

I Date of diagnosis equal to date of death but not flagged as a DCO registration. 

§Aged 100 years or over at diagnosis, sex or vital status unknown, sex-site error, invalid dates, duplicate registration, synchronous 
tumours, previous cancer of the same organ or tissue since 1971, or missing geographical data. 



survival cases. Patients were also excluded if their record lacked 
relevant geographical data. A detailed description of data 
cleaning and exclusions has been published. 3 6 7 The number of 
patients included was approximately 90% of eligible records 
(table 1). 

There were originally 34 cancer networks in England when 
they were founded in 2001. 4 Following various mergers, there are 
now 28 (figure 1). We applied the current boundaries retro- 
spectively to 1991, to enable consistent comparison over time. 
The number of patients included for analysis in each cancer 
network is shown in table 2. 




NO I 


Lancashire & South Cumbria 


N26 


Peninsula 


N02 


Greater Manchester & Cheshire 


N27 


Dorset 


MB 


Merseyside & Cheshire 


N28 


Avon, Somerset & Wiltshire 


N06 


Yorkshire 


N29 


Three Counties 


N07 


Humbcr & Yorkshire Coast 


N30 


Thames Valley 


N08 


North Trent 


N31 


Central South Coast 


Nil 


Pan Birmingham 


N32 


Surrey, W. Sussex & Hampshire 


N12 


Arden 


N33 


Sussex 


N20 


Mount Vernon 


N34 


Kent & Mcdway 


N21 


West London 


N35 


Greater Midlands 


N22 


North London 


N36 


North of England 


N23 


North East London 


N37 


Anglia 


N24 


South East London 


N38 


Essex 


N25 


South West London 


N39 


East Midlands 



Cancer Network digital boundary data, as at 1 October 2008, based on 2001 Census, Output Area 
Boundaries. Prepared by West Midlands Cancer Intelligence Unit (2009) on behalf of Department of 
Health (O.S. Licence No.: 100020290). 



Figure 1 Cancer Network Boundaries, 2009. 



Relative survival 

We estimated relative survival 1 year after diagnosis for each 
cancer network by cancer, sex and calendar period. Relative 
survival is the ratio of the observed probability of survival and 
the probability of survival that would have been expected if the 
patients had experienced the normal background mortality in 
the area where they live. 8-10 

Relative survival is therefore a method of factoring out 
background mortality and estimating survival from cancer 
without requiring information on cause of death. Background 
mortality was obtained from population life tables, generated 
from death registration data provided by ONS. Complete (single 
year of age) life tables for ages 0—99 years were built for men 
and women for three index years (1991, 2001 and 2005), using 
deaths for three years centred on those index years and the 
midyear population. 11 Life tables for the intervening years were 
created using linear interpolation. The life table for 2005 was 
used for 2006 and 2007. 

In England, background mortality by sex and age varies by 
geographical region and socioeconomic status, 12 so life tables 
were created for each government office region and deprivation 
category. Patients were assigned a deprivation score based on the 
income domain of the indices of multiple deprivation (2004) of 
the lower super output area of residence at the time of diag- 
nosis. 13 The deprivation score was categorised according to the 
quintiles of indices of multiple deprivation in the 32 483 lower 
super output area. 

Relative survival is adjusted for background mortality by age, 
but it will vary between regions if there are underlying differences 
in the age structure of cancer patient populations. To control 
for these differences in age structure, we produced age-stand- 
ardised survival using the direct method, wherein age-specific 
survival is weighted by a standard population age distribution. 6 

To create age-standardised estimates it is first necessary to 
estimate age-specific survival. This can be difficult because of the 
small number of events in some age groups when disaggregating 
by cancer, cancer network, sex and calendar period. 

Analytical strategy 

To overcome the problem of too few events, we estimated age- 
specific excess mortality (and relative survival) using a two-step 
approach. Excess mortality is the observed mortality among 
cancer patients minus the expected mortality in the general 
population. 

In the first step, estimates were obtained using the 
cohort approach, with the publicly available Stata program 
strel, which uses the maximum-likelihood approach. 10 14 We 
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Table 2 Number of adult patients (15—99 years) diagnosed in England during 1991—2006 and included for analysis, by cancer and cancer network 







Oesophagus 


Stomach 


Colon 


Lung 


Breast 


Cervix 


England 




85991 


113 757 


256 743 


442 213 


497 429 


40 859 


IM01 


LdllLdMlllc dllU OUULI1 UUIIIUIId 


31 25 


41 52 


8466 


1 R RR4 
1 3 304 


1 5 368 


1 525 


IM02 


ul cdLcl IVIdllLI IcbLcl dllU L>l Icollll c 


5926 


8451 


1 5 945 


33 1 09 


29 537 


3073 


Mm 

IMUO 


Merseyside and Cheshire 


41 A'i 
4 I 4 0 


RRR1 
3D0 I 


1 1 fl9A 
I I U£4 


9"? R79 

LJ OIL 


9fi m? 

LU UoL 


9074 


IMUO 


Yorkshire 


41 QR 
4 I S3 


KfffiQ 
0003 


1 "3 flQ7 
I j us/ 


97 977 
LI LI 1 


94 7Q4 
Z4 /34 


9RQR 
£030 


IM07 


nUIIIUbl dllU lUIKbllllc UUdbl 


21 02 


9R7R 


R7Q1 
3/3 I 


1 1 R4n 

1 1 34U 


10 711 


1 284 


Mflfi 
IMUO 


NUI Lll 1 [tiill 


T971 


RRRQ 
3033 


Q9R7 
3i3 / 


1 Q 771 
I 3 / / I 


1 7 RRQ 
I / 003 


1 RR9 
I 331 


IM1 1 


Pan RiriYiinnharvi 
rail Dll 11 III lyildl 1 1 


99m 

0£U I 


R1 9? 

3 1 LO 


34UD 


1 R RRR 
1 D DOO 


1 r nri9 

1 O UUi 


1770 


Ml 9 
IM 1 L 


Arden 


1 74fl 
I / 4U 


99D4 
LLuH 


R1 Rfl 
3 I OU 


7RR1 
/ 03 I 


QQRD 
330U 


RRR 
003 


IM20 


IVIUUIIL V cl HUM 


1 rqh 

1 33U 


2027 


R99R 


R4RR 
0430 


1 1 846 


7R4 
/ 34 


M91 
\\L I 


Wsst London 


1 QTfl 

i a ju 


99R7 
£.60 1 


RRRT 
303 J 


1 fl 7RR 
I U / DO 


1 R RR4 
I 0 004 


10RR 
I U30 


\\LL 


North London 


1 791 
I 1 L \ 


99QR 
Z030 


R9T7 
3iJ / 


QQR7 
330 / 


1 9 flRfl 
I L U3U 


RRR 
003 


IM23 


IVInrth Fact 1 nnrlnn 
IM U 1 LI I CdbL LUIIUUII 


1 7RQ 

1 / J3 


9QQ1 
£33 1 


521 1 


1 1 701 


11213 


109R 
I U£3 


M94 
IM£4 


South East London 


1 Qfl1 
I 3U I 


9RQT 
Z030 


RT3R 


1 9 1 1 n 

I L I I U 


1 9 479 
I L 4 / O 


1119 
I I I L 


IM25 


Qmith \A/oct 1 nnrlnn 
OUULII Wcbl LUIIUUII 


21 22 


2401 


/ U04 


1 n rrr 

1 U 003 


1 4 648 


QQR 
330 


IM26 


r uiiuibuid 


TRR1 

JOJ 1 


3747 


I U 004 


1 R R7Q 

10 3/3 


1 R RRfi 
1 O 030 


1344 


M97 
NLI 


Dorsot 


1 R41 

I 34 I 


1 77R 
I / / 0 


DU I 0 


P4RR 
0400 


QfiRQ 
3003 


R7R 
3/0 


IM28 


HVUI1, OUIIIclbcL dllU VvllLbllllb 


04£0 


"379R 


1 n R?n 

I U 30U 


1 r R7n 

10 0 /U 


1 Q 7RR 
1 3 / 03 


1 627 


M9Q 
Nib 


Three Counties 


1 RRR 
I 033 


1 QRQ 
I 333 


R1 7Q 
0 I / 3 


71 97 
/ I LI 


1 1 49R 

I I 4 LU 


R7R 
0/0 


Min 

IMOU 


Th amoc Wallow 
1 lldlllcb vdllcy 


3474 


^704 
O / U4 


1 n rrr 

I U 003 


1 fi mi 

1 0 UO 1 


9? TR4 
iO 004 


1 R9R 
I JiO 


|\iqi 
No 1 


Pontral Qniith fnact 
litilHldl OUULll L-UdbL 


TRTR 
J j J j 


41 DR 
4 I U3 


1 1 R47 
I I 04/ 


1 4 RQR 
I 4 030 


91 RRQ 
L I 303 


14R1 
1 40 I 


MT9 
WoL 


Surrey, West Sussgx and Hampshire 


1 774 
1 1 1 4 


1 ri n 

I 0 I u 


RRPR 
33DD 


7R7R 
/ 0/ 3 


1 9 m? 


RRQ 
003 


IM33 


Sussex 


2374 


221 0 


6816 


9405 


1 3 286 


750 


N34 


Kent and Medway 


2734 


2678 


7042 


12568 


16 202 


1152 


N35 


Greater Midlands 


3637 


5344 


10 742 


16 809 


19 769 


1773 


N36 


North of England 


5556 


9544 


17 623 


40194 


29 984 


2964 


N37 


Anglia 


4356 


5907 


15 342 


21 421 


23 381 


1773 


N38 


Essex 


2141 


2557 


6251 


10136 


13 863 


735 


N39 


East Midlands 


7211 


8886 


19179 


33 287 


37 486 


3138 



excluded all unstable estimates, defined a priori as follows: age, 
sex, cancer network and period-specific estimates from strel 
were discarded if there were no deaths in either the first or the 
second half year after diagnosis. The proportion of 1-year 
excess mortality estimates by cancer, sex, age, period and 
cancer network that were discarded because of non-conver- 
gence or instability varied from 0% for breast and lung cancer 
to 7% for cancer of the oesophagus. 

In the second step, the retained excess mortality estimates 
were modelled using a generalised linear model, assuming 
a Poisson error distribution, which enabled us to produce more 
reliable estimates of relative survival for all combinations of 
cancer, sex, age group and calendar period. Calendar period, 
follow-up time and five age groups (15—44, 45—54, 55—64, 
65—74 and 75—99 years) were included in the model as main 
effects. Interactions were added between period and age, period 
and follow-up time, and follow-up time and age in order to deal 
with the non-proportionality of excess hazards over time. 
Backward stepwise selection was used to choose the interaction 
terms, while the main effects were locked into the model. 

The direct method of age standardisation was then applied 
using the age-specific results for each cancer, sex, period, cancer 
network combination obtained from the generalised linear model. 
The standard age weights were derived from the age distribution 
of cancer patients diagnosed in England and Wales in 1996—9. 

Funnel plots 

Funnel plots are a means of presenting comparative data that 
avoids spurious ranking of estimates for particular population 
units. They permit visualisation of how much a specific value 
differs from the England-wide value, given the precision of 
the estimate. 3 15-17 Age-standardised 1-year relative survival 



estimates were plotted for each cancer network against the 
precision of the estimates, calculated as the inverse square of their 
standard errors (figure 2). The England-wide value, or 'target', is 
plotted as a solid horizontal line through the middle of the plots, 
together with its 95.0% and 99.8% control limits (dashed lines). 
The control limits around the target estimate for England were 
calculated as a function of the precision range of the cancer 
network-specific estimates. Cancer network-specific estimates 
(numbered in the plots) falling outside the control limits repre- 
sent those cancer networks showing wider disparity from the 
England-wide value than could be expected due to chance alone. 

RESULTS 

Geographical diversity in 1-year relative survival varied by cancer 
(table 3). For women diagnosed in 2001—6, the range in relative 
survival across cancer networks varied from 15.9% (oesophageal 
cancer), to 3.4% (breast cancer). For men, the range varied from 
14.3% (oesophagus) to 7.5% (lung). Both the range and inter- 
quartile range reduced over time in women for all cancers except 
oesophageal cancer, for which the interquartile range increased 
from 3.2% in 1991-5 to 5.5% in 2001-6. Among men, the range 
widened in both oesophageal and stomach cancer and narrowed 
for cancers of the lung and colon. 

One-year relative survival for each cancer network is shown in 
funnel plots (figure 2), comparing the first and final periods 
(1991-5 and 2001-6, respectively). 

In England, 1-year survival improved by up to 10 percentage 
points for all cancers analysed here over the period 1991—2006, 
with the exception of cervical cancer. In general, the dispersion 
of relative survival estimates was wide and a large proportion of 
cancer networks were outliers in relation to the England value. 
Trends in survival and the outlying cancer networks were similar 
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Figure 2 Funnel plots of 1-year 
relative survival in the cancer networks 
of England: by cancer, sex and period. 
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in men and women. For breast cancer, dispersion clearly reduced 
over time. There were also fewer lower outliers in 2001—6 for 
lung and stomach cancer in women. 

To establish which cancer networks had consistently lower 
relative survival than the England-wide value, we summed the 
number of times each cancer network fell below the lower 99.8% 
control limit on the funnel plots across the various cancers (four 
in men and six in women) and the three calendar periods of 
diagnosis. These sets of estimates were used to measure the 
extent of geographical variability over time. 

The number of relative survival estimates below the lower 
99.8% control limit of the England-wide value across all three 
calendar periods is shown in figure 3. An overall figure of 12 for 



men or 18 for women would indicate that relative survival was 
below the England lower control limit for every cancer exam- 
ined, in all three periods. Cancer networks with consistently 
lower survival than the England-wide value are illustrated with 
darker shading. Figure 3 provides strong evidence of geographical 
clustering of poor survival from the six cancers in England. For 
men, poorer survival was clustered in the north, whereas cancer 
networks in the south and west had survival consistent with the 
England estimate. For women, the north— south pattern was 
similar, although less marked, with a larger number of outlying 
estimates in the south west than found for men. 

Figure 4 shows the number of survival estimates below the 
99.8% control limit within each calendar period (results shown 



J Epidemiol Community Health 2011;65:1044-1052. doi:10.113B/jech.2010. 126656 



1047 



Cancer 



Figure 2 Continued. 
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for 1991—5 and 2001—6). A total of four in men and six in women 
would indicate that the cancer network was an outlier for all 
cancers examined. Although the number of cancer networks that 
are lower outliers has remained relatively stable over time, the 
north— south divide was less pronounced for patients diagnosed in 
2001—6 than for patients diagnosed in 1991—5. 

Overall, the proportion of cancer and cancer network combi- 
nations that were lower outliers compared with the England 
value was relatively stable across the three calendar periods for 
women, with the proportion at 24%, 26% and 24% in each of the 
three periods. By contrast, for men, 21% and 22% of cancer 



network-specific survival estimates were below the lower control 
limit in 1991—5 and 1996—2000, respectively, but this figure rose 
to 28% in the period 2001—6. The percentage of cancer network- 
specific survival estimates that were outliers above the upper 
control limit decreased over time. The percentage fell from 40% 
to 27% for men and from 40% to 29% for women between the 
first and last calendar periods of diagnosis. Much of the reduction 
occurred in the second period (1995—2000). 

To consider the potential effect of variable data quality on 
differences in survival by cancer network, the proportion of DCO 
registrations was compared between cancer networks (by sex, 
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Figure 2 Continued. 
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calendar period and cancer) and the correlation with relative 
survival was ascertained (table 4). The variation in the proportion 
of all exclusions combined depends almost solely on the propor- 
tion of DCO registrations, other exclusion categories being rare or, 
for multiple tumours for a given cancer site, very stable between 
cancer networks. DCO registrations in conjunction with zero 
survival represent 80.7% of the exclusions in this study (table 1). 
Table 4 shows that the greatest variability in the proportion of 
DCO registrations occurred in 1991—5, and this proportion 
declined over time. There was indeed some correlation between 
the proportion of DCO registrations and relative survival in this 
earliest period, but no evidence of continuing correlation after 
1995 (except for oesophageal cancer, for which there was some 
correlation in 1996-2000). 

DISCUSSION 

In England, 1-year relative survival improved dramatically for all 
cancers analysed, with the exception of cervical cancer, between 



1991 and 2006. The lack of improvement in cervical cancer 
survival has been found in previous studies and may be attrib- 
utable to stage migration following the introduction of effective 
screening. 18 19 Since 1998, cervical screening has reached at least 
85% of eligible women in England. Near-universal screening 
means that many more cancers are detected at an in situ stage, 
and are removed before they become invasive. This has led to 
a dramatic decline in the incidence of invasive cancers. 20-22 
There is mounting evidence from other countries with near- 
universal screening programmes that the invasive cancers that 
are now identified tend to occur in women who have not 
attended screening, or to be particularly aggressive cancers with 
poor prognosis 22-26 Given the improvement in multidisci- 
plinary team working and chemotherapeutic advances for 
cervical cancer since the 1990s it is more likely that screening 
rather than treatment explains the plateau in survival for this 

19 

cancer. 

The results of this study show clear geographical inequality in 
survival. Cancer networks that had consistently low outlying 



Table 3 One-year relative survival (%) in England, and range and IQR in 1-year relative survival across cancer networks, by cancer, calendar period of 
diagnosis and sex 

England (%) Overall range IQR 

Cancer Sex 1991 5 1996-2000 2001 6 1991 5 1996 2000 2001 6 1991 5 1996 2000 2001 6 
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13.9 


10.8 


10.9 


6.1 


3.6 


3.7 


Lung 


Men 


21.3 


24.0 


26.4 


9.4 


7.4 


7.5 


4.6 


2.6 


2.4 




Women 


21.6 


25.2 


28.9 


11.3 


10.4 


11.1 


4.5 


3.6 


3.0 


Breast 


Women 


91.5 


93.5 


94.9 


5.3 


3.8 


3.4 


2.9 


1.2 


0.8 


Cervix 


Women 


82.8 


82.7 


82.4 


10.5 


9.3 


8.4 


2.4 


3.3 


3.2 
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Men 



Number of outliers (tertiles) 
□ 0 
| | 1-3 
^■4-12 



Women 




Men 



Women 



1991-1995 



1991-1995 



Number of outliers (tertiles) 
I I0-2 
| | 3-6 
^■8-18 



9 

Figure 3 The number of cancers (out of four in men and six in women) 
for which relative survival fell below the lower 99.8% control limit of the 
England value, totalled over three calendar periods, by sex and cancer 
network. 

survival estimates compared with the England estimates were 
clustered across northern England and the East Midlands, while 
results for southern and western cancer networks were more 
consistently comparable with, or above, the England estimates. 
This broadly confirms the findings of previous studies that have 
pointed to the north— south divide in cancer survival in 
England. 5 6 27 28 

The largest increase in the proportion of cancer networks that 
were low outliers occurred in the period 2001—6, following the 
NHS National Cancer Plan. This increase was observed in men 
only. Three of the four cancers in men were poor prognosis 
cancers, compared with three of the six in women, and it is 
possible that this played a role in the sex difference observed 






Number of outliers (tertiles) 

no 

I H-2 
^■3-4 



Number of outliers (tertiles) 

no 

I |1-2 
■ 3-6 



Figure 4 The number of cancers (out of four in men and six in women) 
for which relative survival fell below the lower 99.8% control limit of the 
England value, by calendar period (showing 1991—5 and 2001—6), sex 
and cancer network. 

here. To explain why the proportion of low outliers increased for 
men but not women, it is also worth noting that women had 
a higher degree of variation at baseline for at least two cancers: 
the IQR for cancers of the oesophagus and colon was consider- 
ably higher in women (table 3). 

The lack of a significant reduction in geographical inequalities 
in cancer survival following the NHS National Cancer Plan 
echoes previous research showing there has been little or no 
reduction in the deprivation gap in short-term survival by 
socioeconomic status in England in this period. 29 

Given the large rise in overall survival, however, it is notable 
that the geographical inequalities have not widened more 
significantly, as shown by the rather stable proportion of cancer 
networks that were low survival outliers over time. Further- 
more, even though the number of lower outliers remained stable 
over time, the distribution of these outliers has shifted, leading 
to a less-pronounced north— south divide in survival. 

Although regional disparities in survival from most of these 
cancers did not fall over time, breast cancer is the exception, 
with a distinct convergence of the cancer network-specific 
survival estimates around the England value in the later period. 
The reduced variation can partly be explained by the fact that 
1-year survival from breast cancer in 2001—6 is reaching the 
ceiling of 100%. Even accounting for this, it is clear that varia- 
tion reduced, as can be seen by the relatively small number of 
outliers outside the (very narrow) control limits on the funnel 
plots in the final period. This is an important finding given that 
the improving outcomes guidance (IOG) issued in the mid-1990s 
was implemented earliest for this cancer. Multidisciplinary team 
working was universally established for breast cancer by the 
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Table 4 Range of percentage of eligible patients that were DCO registrations across cancer networks (minimum and maximum presented), Spearman 
rank correlation with 1-year relative survival, by cancer, calendar period of diagnosis and sex 



Cancer 


Sex 


1991 5 








1996 2000 








2001-6 








Minimum 


Maximum 


r 


p value 


Minimum 


Maximum 


r 


p value 


Minimum 


Maximum 


r 


p value 


flQcnnhaniic 
UtibUpildyilb 


Men 


1 1 

1 .0 






0 1 24 


n n 

U-U 


1 ? Q 

1 L.3 


n an? 


n ma 


n n 

u.u 


7 n 

/ .u 


n ?1 n 

U.L I U 


n ?fn 

U.iOO 




Wnman 
V V Ul 1 1CI 1 


1 4 


24 8 


0 143 


0 468 


0 2 


1 6 6 


0 224 


0.251 


0 0 


8.1 


0 228 


0 244 


Stomach 


Men 


3.3 


30.4 


0.568 


0.002 


0.0 


1 8.5 


0.226 


0.247 


0.0 


9.4 


0.066 


0.740 




Women 


3.5 


37.4 


0.585 


0.001 


0.2 


22.4 


0.067 


0.734 


0.0 


13.4 


-0.078 


0.694 


Colon 


Men 


1.3 


23.3 


0.525 


0.004 


0.2 


14.4 


0.308 


0.111 


0.0 


7.5 


0.179 


0.362 




Women 


2.9 


28.4 


0.545 


0.003 


0.2 


16.3 


0.438 


0.020 


0.0 


8.7 


0.246 


0.207 


Lung 


Men 


4.4 


35.9 


0.656 


<0.001 


0.2 


19.5 


0.324 


0.093 


0.0 


15.1 


0.068 


0.731 




Women 


3.5 


36.1 


0.742 


<0.001 


0.4 


20.8 


0.232 


0.235 


0.0 


15.9 


0.278 


0.152 


Breast 


Women 


0.6 


13.1 


0.363 


0.058 


0.1 


7.2 


0.216 


0.269 


0.0 


4.0 


-0.077 


0.696 


Cervix 


Women 


0.6 


13.2 


0.152 


0.439 


0.0 


7.0 


0.041 


0.836 


0.0 


4.2 


-0.037 


0.853 



DCO, death certificate only. 



time it was assessed by the Audit Commission in 2001. At that 
time, implementation of the IOG for lung, bowel and the 
gynaecological cancers was uneven across the country. 30 

If this reasoning is correct, it may be hypothesised that the 
reduction in geographical inequalities for breast cancer may soon 
be followed by a similar convergence in regional survival for 
other cancers, provided the guidance issued in the manual for 
cancer services 31 (which has now replaced the IOG) is imple- 
mented with the same dedication and with equivalent resources 
as for breast cancer. We may even predict that regional dispar- 
ities in survival from bowel cancer will similarly decline in the 
near future, since the National Cancer Peer Review of 2004—7 
established that multidisciplinary teams in this sector had 
caught up with the breast cancer standard. 32 

A further issue to consider is the impact of screening on 
regional variation in survival through earlier diagnosis. Three of 
the six cancers included in this analysis were the subject of 
screening programmes. National programmes of cervical and 
breast cancer screening were effective throughout this study 
period, and two rounds of the colorectal screening pilot were 
conducted in 2000 and 2003—5 in some primary care trusts 
(PCT) in the Arden cancer network (N12). 

Given that the proportion of eligible women attending 
screening for cervical cancer has remained stable since the late 
1990s at over 80% in nearly 90% of health authorities, 21 it is 
unlikely that the screening programme was responsible for the 
reduction in geographical inequalities in survival during 
1991-2006. 

Breast cancer screening expanded during the period of study in 
terms of the number of eligible women reached and the defini- 
tion of eligible women. By 2006, coverage was over 70% of 
eligible women in 90% of PCTs and screening was contributing 
to the reduction of breast cancer mortality. 33 34 However, less 
than one third of invasive breast cancers are screen detected. 35 It 
is therefore unlikely that expansion of the screening programme 
played an important role in rising regional equality in breast 
cancer survival. 

The colorectal screening pilot was rolled out in several PCT in 
the Coventry and Warwickshire area in 2000 and 2005—7. These 
PCT became part of the Arden cancer network when it was 
formed in 2002. 36 Survival from cancer of the colon did improve 
very slightly in Arden relative to other cancer networks between 
1996—2000 and 2001—6, but so did survival for patients with 
lung cancer and in women with oesophageal and cervical cancer. 
It is too early to say whether the launch of the national bowel 
cancer screening programme in 2007 will reduce geographical 
inequalities in survival. 37 



It is unlikely that variation in the quality of registration data 
has contributed to the regional inequalities identified in cancer 
survival, at least since the mid-1990s. Registration quality in 
England is determined by cancer registries (of which there are 
eight) rather than cancer networks. The annual reports of the 
United Kingdom Association of Cancer Registries show that 
quality is relatively homogenous between the registries today 
(with the exception of bladder cancer, see below). 38 The 
proportion of eligible patients excluded from analysis through 
the quality control conducted for this analysis was largely driven 
by the number of DCO registrations and patients with zero 
survival (making up 80.7% of all exclusions). We showed in table 
4 that this proportion was indeed correlated with survival in 
1991—5, but not in the later calendar periods, and that regional 
diversity in the proportion of DCO has decreased. 

The cancer sites included in this study were those incorporated 
for survival analysis in the annual compendium of clinical and 
health indicators for public health monitoring in England. 39 Bladder 
and prostate cancer are also included in those indicators but were 
excluded here. Results for bladder cancer were excluded because 
wide changes in pathological coding, and diversity between cancer 



What is already known on this subject 



There is a north-south divide in cancer survival in England, with 
lower survival in the north. Policy changes under the Labour 
Government, including the NHS Cancer Plan (2000), aimed to 
reduce geographic inequality in survival. It is necessary to assess 
whether these policy changes have reduced geographic 
inequality in survival in England. This study uses the most suit- 
able unit for analysis: cancer networks, which were formed to 




What this study adds 



There has been a lessening of the north-south divide in cancer 
survival but the overall level of geographic inequality has 
remained stable despite policy change. Breast cancer is the 
exception, showing a reduction in geographic variation in 
survival. If guidance is implemented with the same consistency 
for other cancers, geographic inequality in cancer survival may 
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registries in the implementation of those changes, have led to non- 
interpretable trends in survival. Age-standardised survival from 
prostate cancer proved to be very difficult to estimate because of 
small numbers of deaths in some age groups at the cancer network 
level, so results were not reported. 

We acknowledge that presenting data grouped by calendar 
period disguises fluctuations in trends and may not accurately 
portray the timing of change; however, the small sample sizes in 
the analysis by cancer network precluded the estimation of 
annual relative survival. Further methodological developments 
are in progress to enable age standardisation for small populations, 
in order that survival estimates can be produced for sparse data. 5 
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